We have obtained spectra of the high-lying vibrational levels of the 1 X state of Liz [5] and have been applied to ultracold photoassociation spectra [2, 3] . However, in those investigations the details of the potential are not accounted for, and the accuracy of the resulting long-range coefficients is only a few percent. We are able to extract a more precise value for the long-range potential coefficient, and therefore, the atomic radiative lifetime by fitting a model of the full interaction potential to the observed photoassociation spectrum. [7] .
for the 1 [1 -3] . We use this technique to study the long-range interatomic potential of the first excited state of Li2. This resonant dipole-dipole interaction depends on the 2P atomic lithium radiative lifetime [4] . Methods to extract long-range potential coefficients, assuming the asymptotic long-range form of the potential, have been developed previously [5] and have been applied to ultracold photoassociation spectra [2, 3] . However, in those investigations the details of the potential are not accounted for, and the accuracy of the resulting long-range coefficients is only a few percent. We are able to extract a more precise value for the long-range potential coefficient, and therefore, the atomic radiative lifetime by fitting a model of the full interaction potential to the observed photoassociation spectrum.
Atomic radiative lifetimes are sensitive tests of atomic theory calculations, whose accuracies have improved dramatically in the past few years. Because of its relative simplicity, lithium is an important test case for atomic theory; methods must be capable of accurately representing lithium before the properties of heavier, more complicated atoms can reasonably be calculated. A recent state-of-the-art, relativistic all-order many-body perturbation-theory calculation of the radiative lifetime of the 2P state of lithium has an expected uncertainty of 0.05% [6] . Experimentally, the measurement of the lithium 2P lifetime by Gaupp, Kuske, and Andra, with a one standard-deviation uncertainty of 0.15%, is the most precisely stated measurement of any radiative lifetime [7] .
Unfortunately, the theoretical value differs from the experimental one by more than 0.7%, or more than four standard deviations. Clearly, the resolution of this discrepancy is a high priority.
The experiment uses a six-beam magneto-optical trap (MOT) [8] to produce an ultracold lithium vapor [9] . A 500-mW probe laser beam with a Gaussian beam waist (1/e radius) of 500 p, m is directed through and retroreflected back through the trapped atom cloud to induce photoassociation. As the probe is tuned to the red of the 2S»2-2P»2 atomic transition, it can excite colliding groundstate atoms into various high-lying vibrational levels of the molecular excited-state manifold. These newly formed diatomic molecules decay into a bound ground state of the molecule or into a dissociative continuum of two groundstate atoms that may gain enough kinetic energy to escape the trap. These combined processes result in an observable reduction in trap-laser-induced fluorescence, which is monitored by a photodiode. Vibrational levels up to 3 THz (100 cm ) red of the 2S»2-2Pi/2 atomic transition have been observed in this manner (Fig. 1) [10] . The inset shows rotational structure arising from %=0, 1, and 2.
Partially resolved hyperfine structure is also evident from the inset.
At ultralow temperatures (~1 mK) the spectral broadening due to the distribution of unbound ground-state energies can be comparable to the natural width. In addition, the spectra for lithium, unlike those of the other alkali species, are rotationally uncomplicated since only one or two partial waves contribute. Consequently, the spectra are simple with largely resolved hyperfine structure (see Fig. 1 inset) . Photoassociation spectra have been obtained for both Li2 and Li2 [10] .However, the Li2 spectrum is used for the lifetime extraction analysis since the Li hyperfine interaction is sufficiently small, the atomic ground-state hyperfine splitting of Li is only 228 MHz, that it may be neglected at the current level of precision. There are two distinct vibrational series observable in Fig. 1 [7 ] Carlsson et al. [ 18] This work Theory Blundell et al. [6] Weiss [19] Pipin et al. [ 20 ] Chung [ 21 ] Martensson-Pendrill et' al. [ 22 ] Tong etal. [23] Barnett et al. [ 24] 26.8 27.0 27.2 27.4 27.6
Lifetime (ns) is not valid to separate the contributions to the potential using long-range coefficients. However, at R = 12ao, the resonant dipole interaction still accounts for more than 85% of the total interaction energy. Therefore, this contribution is accounted for in the fit by subtracting the resonant dipole contribution from each of the ab initio potentials for R)12ap and adding back the term -C3/R, where Cs is the fitted parameter.
Despite the fact that the model potential is good enough to unambiguously assign vibrational quantum numbers, the accuracy of the fit is limited by systematic uncertainties in the model potential, rather than uncertainties in the data. The fit is most sensitive to which ab initio theory is used for the 7.80 p -20a p region (see Table I ) . The best-fit value for C3 varies by 0.6% depending on whether the SMM or KC theory is used. However, the minimized value of y is significantly smaller for the KC potential than for the SMM theory, indicating that the KC potential is superior in the 7.8ap -20ap range. The residuals of the fits (Fig. 2) Since some of the potential models result in a better fit to the data than others, the best estimate of C3 is given by a weighted average, where the weighing factors are (y [18] .While our estimated uncertainty lies outside the range of Gaupp, Kuske, and Andra's experimental result [7] , a further reduction in uncertainty is necessary before drawing a definitive conclusion. The potential models we use do not necessarily bracket the true adiabatic potential, but they do indicate the amount of systematic uncertainty present in the ab initio regions of the model.
It is possible to extract C3 from the data by a long-range analysis of the energy differences between adjacent vibrational levels, assuming the potential is purely of the longrange form [5] .Although this procedure gives a similar value of C3, it is sensitive to which levels are included in the analysis since the potential does not vary strictly as R, and thus is not as accurate. Such a procedure has recently been applied to the ultracold photoassociation spectra of Na [2] and of Rb [3] . In both cases, the accuracy was limited to several percent due to the neglect of the non-R part of the potential, and complications due to the hyperfine interaction.
The spectral resolution of the photoassociation data presented here is such that an order-of-magnitude reduction in the uncertainty of the lifetime determination could be achieved with a more accurate potential, especially in the 8ap -20ap region. It may be possible to extend the number of observed lower-lying vibrational levels above those presently known by a triple-resonance technique [25] , in order to extend the RKR potential higher in the well. Clearly, the lifetime analysis would also benefit from improvements in ab initio theory that focus on this range. In order to realize the full precision inherent in the data it will also be necessary to account for hyperfine, retardation, and non-BornOppenheimer effects in the analysis.
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